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FOREWORD 

TO «WINTAIN Hl M5CLF AND OPERATE IN A HOT-DRY ENVIRONMENT, MAN MUST 

SECRETE »»O EVAPORATE SWEAT TO DISSIPATE BODY HEAT. HOWEVER, WHEN CERTAI« 

PROTECT UfS: ITEMS SUCH AS BODY ARMOR ARE WORN, THE EVAPORATIVE RESTRICTION 

MAY BE SiiTFlClENT TO IMPOSE UNDUE STRESS ON THE WEARER ANO LIMIT HIS 

CAPABiLignes. Thus, a paradox arises: an item or necessity providinc 

PROTECTION, rc THE INDIVIDUAL MAY BECOME AN ITEM REDUCING HIS EFFECTIVE¬ 
NESS. 

The iice.l, or course, would be an armored vest providing ample 

BALLISTIC protection WHILE NOT REDUCING THE INDIVIDUAL’S EFFECT IVENESS. 

However, in many cases, practicality dictates that we accept and 

USE THE BEST that CAN BE PRODUCED WITH ALL OF ITS LIMITATIONS, BUT WE 

MUST DO SDWTH A FIRM UNDERSTANDING OF THESE LIMITATIONS. THAT WAS THE 

PURPOSE OF Tnf 5 STUDY. THIS REPORT DEALS WITH THE EFFECT OF WEARING BOOT 

ARMOR UNOEfF A VARIETY OF SITUATIONS IN A HOT-DRY ENVIRONMENT. 
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ABSTRACT 

s 

i 

Sweat production, rectal temperature and pulse rate were measured 
OVER A 24-CONSECUTlVE-ÜAY PERIOD ON l6 MEN (8 WHITE AND 8 NECRo) IN BOTH 
a natural and a modi tied (shaded) desert environment« These indices were 
USED TO DETERMINE THE EfEECT Of WEARING BODY ARMOR, SUN, AND EXERCISE, 

AND TO COMPARE PHYSIOLOGICAL RESPONSES or PAIRED NEGRO-WHITE SUBJECTS. 

When an individual donneo body armor, and ekerC’Sed hi a natural hot- 
dry DESERT. ENVIRONMENT, SIGNIFICANT INCREASES IN SWEAT PRODUCTION, RECTAL 

TEMPERATURE AND PULSE RATE OCCURREIJ. 

When an i r.a¡ vioval was exposed to the sun, significant increases in 

SWEAT PRODUCTION OCCURRED. 

I^HEN AN INDIVIDUAL EXERCISED, SIGNIFICANT INCREASES IN SWEAT FRODL'C- - 

T: ON, RECTAL TEMPERATURE AND PULSE RATE OCCURRED. 

Heat tolerance of fully-clothed negro ano white individuals was 
ABOUT EQUAL iN NATURAL HOT-DRY SURROUNDINGS. 

: * 
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PHYSIOLOGfCAL RESPONSE CHANGES OF MEN ATTRIBUTABLE TO BODY 

ARMOR, SUN, AND WORK IN A NATURAL DESERT 

ENVIRONMENT (INCLUDING NEGRO-WHITE DIFFERENCES) 

1- Introduction 

To MAINTAIN HIMSELF AND OPERATE IN A HOT-DRY ENVIRONMENT, MAN MUST 

SECRETE AND EVAPORATE SWEAT TO DISSIPATE BODY HEAT. WHEN THE BODY IS 

COVERED WITH LIGHTWEIGHT CLOTHING, SOME INTERFERENCE WITH EVAPORATION OF 

SWEAT MAY OCCUR, BUT AT REST AND UP TO AT LEAST MODERATE ACTIVITY LEVELS, 

THE EVAPORATIVE RESTRICTION IS COMPENSATED FOR BY THE ENVIRONMENTAL PRO¬ 

TECTION AFFORDED BY THE CLOTHING.DURING REST IN A HOT-DRY NATURAL 
ENVIRONMENT A REDUCTION OF 2Q( OR 250 GRAMS PER HOUR IN SWEAT PRODUCTION 

•S ATTRIBUTABLE TO CLOTHING. EVEN DURING MODERATE ACTIVITY LEVELS, SWEAT 

PRODUCTION OF CLOTHED INDIVIDUALS IS MAINTAINED BELOW THAT OF A CORRE¬ 

SPONDING NUDE COMPANION. HOWEVER, WHEN CERTAIN PROTECTIVE ITEMS SUCH AS 

BODY ARMOR ARE WORN, THE EVAPORATIVE RESTRICTION MAY BE SUFFICIENT TO 

IMPOSE UNDUE STRESS ON THE WEARER AND SERIOUSLY LIMIT HIS CAPABILITIES. 

Vaughan et^ al(2) have shown that sweat production is significantly 

INCREASED WHEN BODY ARMOR IS WORN UNDER NATURAL DESERT CONDITIONS. THEIR ' 

SUBJECTS FUNCTIONED WlTHOU^ EXCESSIVE PHYSIOLOGICAL STRAIN DURING MODERATE 

activity. Goddard et al(3) in an analysis of requirements and feasibility 
OF HOT-WEATHER BODY ARMOR, SUMMARIZED VARIOUS ARMOR STUDIES CONDUCTED IN 
ARTIFICIAL AND NATURAL ENVIRONMENTS. 

In continuation of past studies and to depict the role body armor 

PLAYS AS A STRESS-IMPOSING ELEMENT, AN EXPERIMENT WAS DESIGNED AS FOLLOWS: 

A. TO DETERMINE THE EFFECT OF WEARING BODY ARMOR. 

B. To DETERMINE THE EFFECT OF SUN ON INDIVIDUALS WEARING BODY ARMOR. 

C. TO DETERMINE THE EFFECT OF EXERCISE 0‘N INDIVIDUALS WEARING BODY 
ARMOR. 

D. To DETERMINE (if Any) PHYSIOLOGICAL Dl FFERENCES BETWEEN PAIRED. 
NEGRO/WHITE SUBJECTS. 

2. Subjects and conditions 

Sixteen young male volunteers (8 white, 8 negro) were selected on the 
BASIS QF HEIGHT, WEIGHT, AND FAT-LEAN BODY MASS RATIO TO FORM THE 8 

MATCHED PAIRS OF SUBJECTS.Í’>5) SUBJECT PROFILES AND OTHER PERTINENT DATA 
are given in Appendix B, Tables XXI ano XXII. 

Each pair of subjects followed a specific schedule during the contin- 

uous, 24-oay study period* Thc overall experimental plan was a randomized 

block with replications. The study ENCOMPASSED 8 CONDITIONS, with the 

snaps AH MAIM» N, 



SUBJECTS REPEATING 

ENVIRONMENT, ATTIRE 
FOLLOWS: 

CACH CONDITION 3 TIMES. The 

, ACTIVITY, ANO THE CODE FOR 
CONDITIONS, REFLECTING 

EACH CONDITION, ARE AS 

EnVIRONMENT 

Shade (Sh) 

Shade (Sh) 

Shade (Sh) 

Shade (Sh) 

Sun (S) 

Sun (S) 

Sun (S) 

Sun (S) 

Conoit t on 

Attire 

Clothed (C) 

Clothcd-Armor (CA) 

Clothed (C) 

Clothed-Armor (CA) 

Clothed (C) 

Clothed-Armor (CA) 

Clothed (C) 

Clothed-Armor (CA) 

Activity 

Rest (R) 

Rest (R) 

Work (w) 

Work (w) 

Rest (R) 

Rest (R) 

Work (w)- 

Work (w) 

Code 
for 

Condition 

ShCR 

ShCAR 

ShCW 

ShCAW 

SCR 

SCAR 

SCW 
• 

SCAW 

6-°2- COTT0N 
WAS the 12-ply standard TYPE ror T'SM,fiT’ S0CKS* BOOTS. The BODY ARMOf 

approx i matel y^8^pÔunds^( Armor Ood^ TSr '***'* AND WE'CHED 
Torso. M-IQSZA). Th.s type or 0° ’ F CNTAr'0M ‘ p,iotect.ve - Upper 

—. - ’S.™.*» £ covem t"e 

Shade was provided by using a « lin .. . 
The center was 18 eeet l 2J 40 00T TENT w,thout sidewalls. 
eLL °0V£ T"E *'“> '*<■ « ret, „o,t the 

the ,l:° !^"i°°THÊ«c!n«‘Ê ri:,No courscs ^ tk,° 
» COURSE ONCE EACH Ml NUTE THUS ^ ™'S SuBJ«T5 TRAVCRSCO 
RER HOUR. ’ JS “'«EISHINO A U.EA.RO SHEEP Of 3 „,LES 

20 EEÍBr«EoM%Mi"!"L«»TtmS"T “E"E SE*TE“ '»E ten,, 
adjacent ,o ,.t, " ehe su" “cbe —• 

3* Experimental procedures 

Before beginning an cxpERiMruTAi ., „ 
reclined on canvas cots roR l ho. o * * L SuBJECTS’ ^tssco in shorts, 
Arrr« tm.t R 1 HOuR THE Quarters tent located nearby «ETER THAT, AT 5-HI NUTE INTEMwaic «.vva.uu GLAUBT. 

J MIX. intervals, pairs of subjects entered an 85°F 

2 
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AlR-CONDITIONED LABORATORY BUILDING. EACH SUBJECT WAS WEIGHED NUDE ON 

A BALANCE ACCURATE- TO ±10 GRANS. Rt-TAL TEMPERATURE WAS TAKEN BY MEANS 

OE A CLINICAL THERMOMETER* WHICH REMAINED INSERTED TOR 3 MINUTES. THE 

SUBJECT THEN DONNED HIS PARTICULAR ENSEMBLE TOR THE DAY'S EXPOSURE ( THAT 

IS, EITHER THE UNIFORM OR THE UNI FORH-AND-ARMOR COMBINATION) AND WAS 

WEIGHED AGAIN. ÏHE SUBJECTS, IN PAIRS, THEN PROCEEDED TO THE TEST AREA, 

ABOUT JO FEET FROM THE LABORATORY BUILDING, AND BEGAN THEIR SCHEDULE FOR 

THE DAY. Resting SUBJECTS remained relatively INACTIVE, reading or con¬ 

versing WITH A companion; EXERCISING SUBJECTS WALKED AT A RATE OF 3 MILES 

PER HOUR. The EXPOSURE LASTED FOR 2 HOURS; AT THE END OF THIS TIME PULSE 

RATES AND FINAL RECTAL TEMPERATURES WERE TAKEN. SUBJECTS THEN RETURNED TO 

THE LABORATORY WHERE FINAL CLOTHED AND NUDE WEIGHTS WERE TAKEN. THIS COM¬ 
PLETED THE EXPERIMENTAL DAY. 

Water, chilled in canteens, was allowed whenever the subject requested 

it. The quantity consumed was determined by weighing the subject's canteens 
AT THE BEGINNING AND END OF EACH EXPERIMENTAL DAY. 

"Pulse rates" were determined by wrist palpation, counting for 20 

SECONDS AND MULTIPLYING THÍS VALUE BY 3 TO OBTAIN THE RATE PER MINUTE. 

"Sweat production" is the difference between the initial and final nude 

WEIGHTS PLUS THE CORRECTION FOR WATER CONSUMED. "SWEAT EVAPORATION" IS 

THE DIFFERENCE BETWEEN THE INITIAL AND FINAL CLOTHED WEIGHTS PLUS THE 

CORRECTION FOR WATER CONSUMED. ALL SUBJECTS WERE QUARTERED IN TENTS AND# 

WITH THE EXCEPTION OF MEALTIME, LIVED UNDER NATURAL DESERT CONDITIONS 
FOR THE DURATION OF THE EXPERIMENT. 

4. Meteorological observations 

Meteorological data were furnished the experimental team daily by 
the U.s. Army Signal Corps Meteorological Team No. 1 whose station was 

LOCATED ABOUT 1/2 MILE FROM THE TEST AREA. SUPPLEMENTAL DATA WERE 

RECORDED IN THE IMMEDIATE TEST AREA. SUMMARIES OF THESE DATA ARE GIVEN 
in Table I. 

Dry bulb temperature given in the supplemental data was taken from 
A MERCURY THERMOMETER SUSPENDED ABOUT 3 1/2 FEET ABOVE THE GROUND I NS I DC 
THE LARGE TENT. WlNDSPEEDS WERE TAKEN AT 4-FOOT LEVELS, WITH ANEMOMETER 

NO. 1 LOCATED IN AN OPEN AREA AND ANEMOMETER NO. 2 LOCATED IN THE CENTER 

OF THE TENT. Globe TEMPERATURES WERE TAKEN 4 FEET ABOVE THE GROUND. 

5* Analysis and discussion of the effect of body armor, sun, and exercise 

a. The effect of body armor 

The effect of body armor has been determined by taking the differ¬ 

ences in sweat production, sweat evaporation, final rectal temperature, 

rise in RECTAL TEMPERATURE, AND Final pulse rate of individuals with and 
without body armor. 

A summary or these differences (extracted from Tables IX - XVI, 
Appendix A) is given in Tables '1 and III. 



TABLE I 

SUMMARY OE METEOROLOGICAL OBSERVATIONS 

(by Meteorological Team No. l) 

Mean (Range) 

Dry bulb (®F) 
Relative Humidity (jS) 
WINDSPEEO (MR«)' 
Solar Radiation (kg CAL/rr) 

l 101. 
10 
9.8 

917 

(89.0 - 112.8) 
(ll - 2S) 
(6 - 14) 

(810 - 966) 

Supplemental Data 

Temperature (°F) 

Dry bulb 103 ( 90 - n4) 

Black globe) 
White globe) 

sun 
127 
11-3 

{116 - i46) 
(103 - 127) 

Black globe) 
White 'globe) 

Shade 
110 
108 

(loi - 126) 
(• 99 - 123) 

WlNDSPEED (mph) 

Anemometer #1 
Anemometer #2 

8.6 
7*7 

!3*3 " 13L (3.0 - 13.8) 

TABLE II 
EFFECT OF WEARING BODY ARMOR; INCREASES IN SWEAT PRODUCTION 

AND EVAPORAT I ON.IN GRAMS/2-HOUR EXPOSURE 

Condition 
Sweat 

Product i on % Change 
Sweat 

EVAPURAT I ON /5 Change 

ShCAR - ShCR 

SCAR - SG'*' 

58 

i42 

•6.2 

11.1 

SmCAW - ShC>¿* 

scaw - sew1* 

285* 

402* 

i4.9 

18.3 

46 

71» 

72 

28 

5.8 

6.8 

4.4 

1.4 

»¿IGNI>1 CANT INCREASES 
1. 2. 3> ^ • See footnotes UNDCR Table Ml 



TABLE 111 
EFFECT OF WEARING BODY ARMOR: INCREASES IN FINAL RECTAL 

TEMPERATURE, RISE IN RECTAL TEMPERATURE AND FINAL PULSE 
RATE/2-HOUR EXPOSURE 

Chancc in Final Change in Rectal Pulse Rate 
Condition Rectal Temp. (°F) Temp, Rise (*F) Change % Chance 

shCar - shcr1 -.05 -.05 0.4 0.6 

SCAR - SCR2 .13 

ShCAW - ShCv3 .18 

SCAW - SC^ .34* 

•o46 0.3 0.4 

.225 8.9* 8.0 

•300* 9*4* 8.0 

*SlGN!ficant increases 
The 'effect of armor: 

in the shade at rest 
2 in the sun at rest 

IN THE SHADE EXERCISING 
IN THE SUN EXERCISING 

17 HAS BEEN STATED THAT STRESS IMPOSED BT ARMOR IS THE RESULT OF INTER¬ 

FERENCE WITH EVAPORATION OF SWEAT.A COMPARISON OF SWEAT PRODUCTION 
AND EVAPORATION, GIVEN IN TABLE II, SUPPORTS THIS THEORY. ALTHOUGH SWEAT 

EVAPORATION OF INDIVIDUALS WEARING ARMOR WAS SLIGHTLY ELEVATED (28 - "jk 
grams) COMPARED to THAT OF INDIVIDUALS NOT WEARING ARMOR, IT WAS ACHIEVED 

ONLY VIA HIGHER PRODUCTION LEVELS (58 - 402 GRAMS). SWEAT PRODUCTION 

PROGRESSIVELY INCREASED WITH EXPOSURE "SHADE TO Sun" OR "REST TO EXERCISE" 

WHILE EVAPORATION ESSENTIALLY DECREASED. Th£ INCREASED SWEAT PRODUCTION 
WAS ABSORBED BY THE CLOTHING AND CEASED TO BE A MEDIUM OF HEAT DISSIPATION 

FROM THE BODY VIA EVAPORATION. In ADDITION, RECTAL TEMPERATURE INCREASES 

PARALLELED SWEAT PRODUCTION, BECOMING SIGNIFICANTLY HIGHER DURING EXERCISE 
in the sun. Pulse rates significantly increased during exercise in both 

THE SHADE OK SUN. ESSENTIALLY, THESE INCREASES IN SWEAT PRODUCTION, RECTAL 

TEMPERATURE AND PULSE RATE REFLECT AN INCREASED HEAT LOAD IMPOSED BY BODY 
ARMOR AS A RESULT OF EVAPORATIVE I NT ERFERENCE. DURING MODERATE ACTIVITY 

(walking 3 mph) THE HEAT LOAD IMPOSED BY BODY ARMOR, ALTHOUGH NOT EXCESSIVE 

IS SUFFICIENT TO SIGNIFICANTLY INCREASE SWEAT PRODUCTION, RECTAL TEMPERA- * 
TURE AND PULSE RATE. 

B* The effect or sun on individuals with and without body armor 

The effect of sun on individuals with ano without body armor has 
BEEN DETERMINED BY TAKING THE DIFFERENCES IN SWEAT PRODUCTION, EVAPORATION 
RECTAL TEMPERATURE, AND PULSE RATE OF INDIVIDUALS EXPOSED IN THE SHADE AN'/ 
IN THE SUN. 

A summary of these differences (extracted from Tables IX - XVI, Appen¬ 
dix A) is given in Tables IV and V. 

5 
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TABLE IV 
EFFECT OF SUN: INCREASES IN SWEAT PRODUCTION AND EVAPORATION 

IN GRAMS/2-HOUR EXPOSURE 

Sweat Sweat 
CoNQiTtoN_Production # Increase Evaporation 

SCR - SkCR1 3H5* 37.O 

SCAR - ShCAR2 *»29* *13.3 

sew - shCw3 289* 15.1 

SCAW - ShCAW^ 18.5 

•SlGNiriCANT INCREASES 

2, 3» " See tootnotes under Table V. 

29** 

322* 

309* 

265* 

% Increase 

36.8 

38.I 

18.7 

15.ll 

TABLE V 
EFFECT OF SUN: INCREASES IN RECTAL TEMPERATURE AND PULSE 

RATE/2-HOUR EXPOSURE 

Change in Final Change in Rectal Pulse Rate 
Condition Rectal Temp. (°F) Temp. Rise (*F) Change £ Change 

SCR - ShCRI .22 

SCAR - ShCAR2 .1*0* 

SCW - 5hcw3 .13 

SCAW - ShCAW^ .29* 

*51GNIFI CANT INCREASES 
The eftect or sun: 

.208 3.* 5.0 

.30!** 3.3 1*.8 

.163 6.5' 5-9 

.238 7.0* 5.8 

1 INDIVIDUAL RESTING WITHOUT ARMOR 

2 INDIVIDUAL RESTING WITH ARMOR 
INDIVIDUAL EXERCISING w/o ARMOR 

INDIVIDUAL EXERCISING WITH ARMOR 

When an individual is exposed to the sun,significant increases in 

SWEAT PRODUCTION AND EVAPORATION OCCUR. THESE INCREASES IN SWEAT PRODUC¬ 

TION WERE OF GREATER MAGNITUDE WHEN ARMOR WAS WORN, BUT CORRESPONDED TO 

LOWER NET EVAPORATIVE RATE INCREASES THAN WERE FOUND WlTH INDIVIDUALS WITH¬ 

OUT ARMOR. RECTA! TEMPERATURE AND PULSE RATE ALSO INCREASED WITH EXPOSURE 
to sun. However, rectal temperature increased significantly only when 

armor was worn. Probably this significant increase is attributable to the 

evaporative restriction imposed by armor. Pulse rate increased signifi¬ 
cantly, irrespective of armor, only during exercise. 

6 
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Neglecting ™e sl*cht increase in rectal temperature, the solan heat 
LOAD HAS BEEN COMPUTED BY TAMING THE LATENT HEAT OF EVAPORATION AS 0.58 

Kg Cal/gram of sweat evaporated. Also, allowance should be made for the 

EVAPORATIVE INTERFERENCE OF ARMOR, ESPECIALLY DURING EXERCISE. THESE 
COMPUTED VALUES ARC GIVEN IN TABLE VI. 

TABLE VI 

SOLAR HEAT LOAD (IN KG CAL) 

Condition 2-Hours 1-Hour 

SCR - ShCR1 

SCAR - ShCAR2 

SCW - ShCw3 

SCAW - ShCAW* 

17O 

I87 

’T* 

154 

05 

94 

90 

77 

3» ^ • See footnotes under Table V. 

Henschel and HansonÍ1), working under a similar experimental situation 
HAVE SHOWN THAT THE ENVIRONMENTAL HEAT' GAINS OF CLOTHED AND NUDE SUBJECTS ’ 
AT REST AND EXERCISING RANGE FROM '.20 TO 200 KG Cal/hOUR. THEY REPORT 

THE ENVIRONMENTAL HEAT GAIN OF ACTIVE AND INACTIVE SUBJECTS. CLOTHED IN 

lightweight ensembles, to be about 120 Kg Cal/hour. In the present study. 
ENVIRONMENTAL HEAT GAINS OF INDIVIDUALS WITHOUT ARMOR, DURING REST AND 

EXCRCSC, VER. 85 ,N0 90 KO C.L, RESPECT I VEi V> AcTHoCcH THESE ÍLU“,„e 

SOMEWHAT COVER THAN THOSE REPORTED ABOVE, IT IS TELT THAI A CEHERAt AGREE- 
MENT EXISTS BETWEEN THE DATA OF THESE 2 EXPERIMENTS. 

ABm.TSïB|Î?CTS USE° BY HENSCHI:L AND H^S0N WEIGHED ABOUT 76 KILOGRAMS OR 
urprV 'J,L0GRAM| M0RE THAN T«05* “« THE PRESENT STUDY. ThCIR SUBJECTS 
WERE CLOTHED IN 5-OZ. POPLIN GREEN-COLORED SHIRT-TROUSER ENSEMBLES AKO 
THOSE OF THE PRESENT STUDY IN -A 6-OZ. POPLIN KHAKI -COLORED, BELTED bL 

COAT-TRSUSER ENSEMBLE. BRECKENR I DGe(7) HAS SHOWN THAT I NDI VI DUAl/wEARI NG 
UNIFORMS FABRICATED FROM THE SAME MATERIAL, WHICH DIFFERED ONlÏ ^ cTcl 

Pror»T£: ^ M0RE SWEAT ,N * CR£E,a EftiSEMBLE T«*" * KHAKI-COLORED ENSEMBLE.' 
Probably the differences in the subjects* weights, the ensemble color and 

theE 2DEsS;ud,e°s.THC ENSEMBLES ACC0UNI r°R ™£ VAR,a;,0NS re^ts be^een 

c* -H- EFrECT °r EXERCISE ON INDIVIDUALS WITH AND WITHOUT BODY ARMOR 

nrc THE EFFt:CT 0F Ext:RCISE ON INDIVIDUALS WITH AND WITHOUT BODY ARMOR 
HAS BEEN DETERMINED ÖY TAKING THE DIFFERENCES IN SWEAT PRODUCTION, SWEAT 

EVAPORATION, RECTAL TEMPERATURE, AND PULSE RATE BETWEEN RESTING AMD CXER- 

IX ™.'NT,0UALS\iA Summary of THESt otfcrences (extracted from Tables 

,S C,V£“ T‘°l£S V" »EE CrECEPCE^“ 
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TABLE Vil 
EFFECT OF EXERCISE: INCREASES IN SWEAT PRODUCTION 

AM) EVAPORATION IN GRAMS/2-HOUR EXPOSURE 

Conditi©w 
Sweat 

Product.on $> Increase 

Sweat 
Evaporation 

¢1 

866 

377 

820 

Í Increase 

IO6.4 

79-1 

103.7 

70.2 

ShCW - ShCR1 977 104.7 

SCW - SCR2 921 72.1 

ShCAW - ShCAR3 1204 121.5 

SC AW - SCAR1* 1181 83.2 

1, 3> ^ - See footnotes under Table VIII 

TABLE VIII 

EFFECT OF EXERCISE: INCREASES IN RECTAL TEMPERATURE 

AND PULSE RATE/2 -HOUR EXPOSURE 

Change in Final •Change in Rectal Pulse Rate 

Condition Rectal Temp. (°F) Temp. Rise (°Fl Change £ Change 

ShCW - ShCR1 .01 

sew - sc«2 .72 

ShCAW - ShCAr3 ].o4 

SCAW - SCAR* .93 

The effect of work 

1 ÍN THE SHADE WITHOUT ARMOR 
2 ,N 7H£ SUN WITHOUT ARMOR 

-779 42-9 63.1 

.734 46.0 64.4 

1.054 51.4 75.1 

.988 55.1 76.8 

IN THE SHADE WITH ARMOR 

IN THE SUN WITH ARMOR 

Under ant work condition, significant increases in sweat production, 

evaporation, rectal temperature, and pulse rate occurred over that of an 

INDIVIDUAL IN A COMPARABLE REST SITUATION. In GENERAL, IRRESPECTIVE OF 

ARMOR, INDIVIDUALS EXERCISING IN THE SHADE PRODUCED MORE THAN TWICE THE 

SWEAT OF A RESTING COUNTERPART. EXERCISING IN THE SUN, SWEAT PRODUCTION 
WAS ).7 TO 1.8 TINES THE RESTING COUNTERPART. 

Greater increases in physiological responses occurred when armor was 
WORN, WHICH REFLECTED THE INCREASED HEAT LOAD BEING IMPOSED ON THE WEARER. 

However, sweat production ano rectal temperature increases were inversely 



«ELATED TO ENVIRONMENTAL INTENSITY (sHADe/sun), WHILE PULSE RATE INCREASES 

WERE DIRECTLY RELATED. In GENERAL. THESE DATA ARE IN AGREEMENT WITH A 

PREVIOUS STUDY!1 ) REPORTING THE PHYSIOLOGICAL CHANGES OF NUDE AND CLOTHED 
INDIVIDUALS, ATTRIBUTABLE TO WORK, IN A HOT-DRY ENVIRONMENT. 

6- Negro-white differences 

Variance analysis of sweat production, sweat evaporation and rectal 
temperature revealed no significant differences between the megro and 

white subjects. These data., with an additional table of early morning 

rectal temperatures of paired negro-white subjects, body composition and 
subject profile are given in Appendix B. 

It is concluded from these data that the heat tolerance of fully 

clothed negro and white subjects is about equal, when they are exposed to 

A NATURAL HOT-DRY DESERT ENVIRONMENT. |N GENERAL, THIS INFORMATION, WITH 
THE POSSIBLE EXCEPTION OF SWEAT PRODUCTION, SUPPORTS THE FINDINGS OF 
Baker.loi 

/. Summary 

a. Body armor: When standard body armor was worn, an increase in 
SWEAT PRODUCTION OCCURRED OVER THAT OF A COUNTERPART WIT:h0JT BODY ARMOR. 

This increase became greater in magnitude as the exposure condition (shade- 
Sun; rest-exercise) intensified. During rest in the shade or sun, sw^at 

production increased 6 TO 11,3 OR 30 TO grams/hour respectively* How¬ 

ever, during exercise sweat production increases were significantly higher 
than those of the counterpart not wearing body armor. ~DjrT ng exercisT- 
SWEAT PRODUCTION INCREASED 15 TO 1 Sfî OR Tin TO 203 GRAMS HOUR IN THE 

SHADE and sun respectively. Sweat evaporation, although'increasing 
SLIGHTLY (I* to 39 GRAMS, HR.), REFLECTED ALMOST AN INVERSE TREND WITH 

RESPECT TO BOTH INCREASE IN SWEAT PRODUCTION AND CONDITION .NTENSlTYi 

Final rectal temperature change, in general, increased with condition 
(INTENSITY ANO WAS SIGNIFICANTLY HIGHER DURING EXERCISE I f¿ THE SUN. PuLSE 
RATE INCREASED SIGNIFICANTLY DURING EXERCISE IN BOTH SHADE ANO "SUN. 

Thus, body armor worn by an individual, exercising moderately in a 
NATURAL HOT-DRY DESERT ENVIRONMENT, BRINGS ABOUT SIGNIFICANT INCREASES 
IN SWEAT PRODUCTION, R EC T AL - TE MPCR ATURE AND =>ULSE RATE. 

• V/HCN AN I ND I VI DU AL WAS EXPOSED TO THE SUN, RESTING OR rxrR- 
C I SING, WITH OR WITHOUT BODY ARMOR, S l CM I F I CANT INCREASES N SWEAT PR¿DUC- 

T * 0*J *”0 EVAPORATION OCCURRED. THE INCREASES IN SWEAT PRODUCTION WERE 

SLIGHTLY GREATER IN MAGNITUDE WHEN THE SUBJECT WORE ARMOR. Th IS REFLECTS 

T-7€^'An^HCA\TD ,MTED r ™C ARypR' SwEAT PRODUCTION INCREASED 
J/ *0 M3,» 1170 TO 210 GRAMS, hour) DURING REST AND 1^ TO 1( 1-4¾ TO 200 

CRAMS, HOUR) DURINGEXERCSE. RECTAL TEMPERATURE AND PULSc' RATE AL SO 

INCREASED SLIGHTLY. HOWEVER, RECTA. TEMPERATURE INCREASED Si CNI F 1CANTE Y 
ONLY WHEN THE INDIVIDUAL WORE BODY ARMOR AND PULSE RATE INCREASED SlGNI- 
FIC AN■L Y ONLY WHEN THE INDIVIDUAL EXERCISED. 

9 • 



c. Exerci sc: When an individual exercised, sicnieicamT incrcascs 
IN SWEAT PRODUCTION, EVAPORATION, RECTAL TEMPERATURE AND PULSE RATE OCCUR¬ 
RED. These increases, with the exception or sweat evaporation, were or 
HIGHEST ORDER WHEN ARMOR WAS WORN. SWEAT PRODUCTION AND RECTAL TEMPERA¬ 
TURE INCREASES, IRRESPECTIVE OF ARMOR, WERE HIGHER WHEN THE INDIVIDUAL 
EXERCISED IN THE SHADE AND PULSE RATES WERE HIGHER DURING EXERCISE IN THE 
SUN. In GENERAL, INDIVIDUALS exercising in the shade produced more than 
TWICE THE SWEAT OF A RESTING COUNTERPART. EXERCISING IN THE SUN, SWEAT 
PRODUCTION WAS 1.7 TO 1.8 TIMES THE RESTING COUNTERPART. 

D. Negro-white difference: it is concluded, from the data presented 
HEREIN, THAT THE HEAT TOLERANCE Or FULLY CLOTHED NEGRO AND WHITE SUBJECTS 
WAS ABOUT EQUAL, WHEN THEY WERE EXPOSED TO A NATURAL HOT-DRY DESERT ENVI¬ 
RONMENT. 
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APPENDIX A 

MEAN PHYSIOLOGICAL DATA, STATISTICAL INFORMATION, AND DIFFERENCES 
BETWEEN ALL CONDITIONS 

1. Sweat production and evaporation 

2. Rectal temperature 

3- Final pulse rate 

Pace 

12 

12 

15 

11 



APPENDIX A 
MEAN PHYSIOLOGICAL DATA, STATISTICAL INFORMATION, AND DIFFERENCES 

BETWEEN ALL CONDITIONS 

I. Swot production and cvaporatiow 

Mean sweat production and sweat evaporation for each of the 8 conoi> 
TIONS ARE GIVEN IN TABLE IX. 

TABLE IX 

MEAN SWEAT PRODUCTION AND EVAPORATION IN GRAMS 

PER 2-HOUR PERIOD 

Conditioh 

ShCR SiCAK SCR SCAR ShCW ShCAW SCW SCAV 

Sweat Production 933 991 

Sweat Evaporation 800 846 

1278 1420 

1094 1168 

1910 2195 

1651 1723 

2199 26OI 

I960 • 1988 

Variance analysis of sweat production and sweat evaporation revealed 

no significant differences between the negro and white subjects. There- 

FORE, IN computing THE MEAN SWEAT PRODUCTION AND SWEAT EVAPORATI ON PER CON¬ 
DITION, DATA FROM THE 2 SUBJECT GROUPS WERE COMBINED. 

SCHEFFE'S TEST WAS PERFORMED TO DETERMINE THE CRITICAL INTERVAL 

BETWEEN THE MEANS PER CONDITION. An INTERVAL OF 156 GRAMS FOR SWEAT PRO¬ 

DUCTION AND 134 GRAMS FOR SWEAT EVAPORATION IS NECESSARY FOR A SIGNIFICANT 
DIFFERENCE AT THE LEVEL OF CONFIDENCE. 

Differences in sweat production and sweat evaporation related to all 
CONDITIONS ARE GIVEN IN TABLES X AND XI, RESPECTIVELY. In USING THESE 

tables, a condition stated on the vertical axis is matched at right angles 

TO A CONDITION ON THE HORIZONTAL AXIS. THE VALUE AT THE INTERSECTION OF 

THE RIGHT ANGLE, SO DETERMINED, REPRESENTS AN INCREASE; OR IF THE REVERSAL 
OF THIS PROCEDURE IS FOLLOWER THE VALUE REPRESENTS A DECREASE. 

2. Rectal temperature 

Mean initial, final, and rise in rectal temperature for each of thc 

6 conditions are given in Table XII. Rather than round these values^ 
they have been presented in their original computed form. 

Variance analysis of final, initial, and rise in rectal temperature 
REVEALED NO SIGNIFICANT DIFFERENCES BETWEEN THE NEGRO AND WHITE SUBJECTS. 
IHEREFORE, IN COMPUTING THE MEAN FINAL, INITIAL, AND RISE IN RECTAL TEMPERA¬ 
TURE PER CONDITION, DATA FROM THE 2 SUBJECT GROUPS WERE COMBINED. 

12 
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TABLE X 
DIFFERENCES IN SWEAT PRODUCTION BETWEEN CONDITIONS, 

VALUES IN GRAMS AND BASED ON PEAN 2-HOUR RATES 

Condi t i ons SC AW SCV ShCAW SmCW SCAR SCR ShCAR 

ShCR 
ShCAR 

SCR 

SCAR 
ShCW 

ShCAW 
SCW 

1668 1266 
1610 1208 

h 81 
691 
4o6 
402 

921 
779 
289 

1262 
120¼ 
9»7 

977 
919 
» 
k?) 

¡¡67 3¾ 
429 287 

50 

142 

VALUeS GREATER THAN I56 CRAMS ARE SICNIflCANT. 

TABLE XI 

DIFFERENCES IN SWEAT EVAPORATION BETWEEN CONDITIONS, 

VALUES IN GRAMS AND BASED ON MEAN 2-HOUR RATES 

Conditions SCAW SCW ShC^W ShCW SC SCR ShCAR 

ShCR 

ShCAR 

SCR 

SCAR 

ShCW 

ShCAW 

SCW 

1188 
1142 
894 

820 

26t 28 

II60 
in4 
866 
792 
3^9 
237 

923 
«TC 
629 
555 
72 

851 
805 

368 
322 
7“ 

294 
2Í8 

46 

Values greater than 13¾ grams are signiticant. 

TABLE XII 

MEAN FINAL, INITIAL, AND RISE IN RECTAL TEMPERATURE 

Condition 

Rectal Temperature ShCR ShCAR SCR SCAR ShCW ShCAW SCW SCAW 

F INAL 
Initial 

Rise 

99-|}0 99-35 99-¾ 99-p 100.211 100.39 ieo.34 100.68 
99-35 99-35 99-3^ 99-^5 99-38 99.33 0^.34 99139 

.052 .002 .260 .306 .831 1.056 ".994 1.204 
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Scheffe’s test was performed to determine the critical interval 
BETWEEN THE MEANS. AS WOULD BE EXPECTED, NO SIGNIFICANT DIFFERENCES WERE 

FOUND BETWEEN MEANS PER CONDITION FOR THE INITIAL RECTAL. HOWEVER, SIGNI¬ 

FICANT DIFFERENCES BETWEEN MEAN FINAL AND MEAN RISE IN RECTAL TEMPERATURES 

PER CONDITION WERE FOUND. A CRITICAL INTERVAL OF .25°F” FOR FINAL RECTAL 

TEMPERATURE AND FOR RISE IN RECTAL TEMPERATURE IS REQUIRED FOR A 
SIGNIFICANT DIFFERENCE AT THE 5Í LEVEL OF CONFIDENCE. 

Differences in final ano rise in rectal temperature related to all 
CONDITIONS ARE GIVEN IN TABLES XIII AND XIV. 

TABLE XIII 
DIFFERENCES IN *F BETWEEN CONDITIONS BASED ON FINAL RECTAL 

TEMPERATURE (AT THE END OF A 2-HOUR EXP05ÜRËJ ' "" 

Conditions SCAW SCV ShCAW SmCV SCAR SCR ShCAR 

ShCR 

ShCAR 

SCR 

SCAR 

ShCW 

ShCAW 

SCW 

22 -.05 

27 

Values greater than .25 are significant. 

TABLE XIV 
DIFFERENCES IN °F BETWEEN CONDITIONS BASED ON RISE IN 

RECTAL TEMPERATURES (IN 2-HOUR EXPOSURE) - 

Conditions SCAW SCW ShCAW ShCW SCAR SCR ShCAR 

ShCR 

ShCAR 

SCR 

SCAR 

ShCW 

ShCAW 

SCW 

.25¾ .208 -.050 

.304 .258 

.046 

.3OO 

Values greater than .27 are significant 



3- Fihm. PIU.SC RATE 

ï 

t 

■r,- 

.N TakI X*A" F,NAL RATE F0R CACH °r ™C 8 IS G.VCN 

Varían« analysis or final pulse rate revealed »o significant differ¬ 

ences BETWEEN NEGRO AND WHITE SUBJECTS. THEREFORE, RATES OF BOTH SUBJECT 
GROUPS WERE CONB.NED AND MEANS PER COND.T,ON COMPUTED. OBJECT 

SCHCFFE’5 TEST WAS PERFORMED TO DETERMINE THE CRITICAL INTERVAL 

BETWEEN THE MEANS PER CONDITION. An INTERVAL OF $.1 IS REQUIRED FOR SIGNI 
FICANCE AT THE LEVEL OF CONFIDENCE. SQUIRED FOR Slv.NI 

IN lABÍrívÍr“ ,N F,NAL PÜLSE WATE T0 A«-L CONDITIONS ARE GIVEN 

TABLE XV 
fjmal pulse rate (at the end of a 2-HOUR exposure) 

Condition ShCR ShCAR SCR SCAR . S»rj SwCSV 
SCW SCAW 

Rate 66.0 68.4 71.4 71.7 110.9 ”9-8 117.4 126.8 

TABLE XVI 

DIFFERENCES IN FINAL PULSE RATE BETWEEN CCTOlTIONS 

(BEATS/MINUTE) 

Conditions SCAW SCW ShCAV ShCW SCAR SCR ShCAR 

ShCR 

ShCAR 

SCR 
SCAR 

ShCW 
ShCAV 

SCW 

58.8 
58.4 
55.4 
55-1 

15*9 

9.h 

49.4 
49.0 
46.0 

11 

51.8 
1.4 
8.4 

48.1 
8.9 

5 

42.9 

42.5 

39-5 
39.2 

3-7 
3-3 
?-3 

3-1» 
3.0 

0.4 

VAlUtS GREATER THAN 5*7 SIGNIFICANT. 
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APPENDIX B 

SUPPLEMENTAL TABLES: BREAKDOWN OF SWEAT PRODUCTION, SWEAT EVAPORATION 

A® RECTAL TEMPERATURE/CONDITION; EARLY MORNING RECTAL TEMPERATURE. 

BODY COMPOSITION AND SUBJECT PROFILE OF 8 WHITE AND 8 NEGRO SUBJECTS 

TABLE XVII 

SWEAT PRODUCTION AND EVAPORATION FOR 8 NEGROES AND 8 WHITES 

UNDER VARIOUS CONDITIONS (IN GRAMS PER 2-HOUR EXPOSURE) 

ShCR ShCAR SCR SCAR ShCW ShCAW SCW SCAW 

Sweat Production 

Negro 
White 
Di eferencc* 

97’ 1250 13QI4 1886 
1011 1306 im 1035 

-40 -56 -52 -49 

2171 2179 257O 
2219 2218 26½ 

-48 -39 -& 

Evaporated Sweat 

Negro 
White 
Difference* 

842 801 
851 799 

-9 +2 

1153 1093 
1183 1096 

-30 -3 

1725 ’663 
1721 1639 

+4. +24 

1974 2016 
1946 1961 
+28 +55 

*- Indicates hi cher sweat product.on cr evaporation for the white. 
+ Indicates higher sweat production or evaporation for the negro- 

TABLE XVI 11 

initial and final rectal temperatures (*f) for 8 negroes 

ANDb WHITES UNDER VARIOUS CONDITIONS 

ShCR ShCAR SCR SCAR ShCW ShCAW SCW SCAW 

Negro 99.4 
White 99.3 
Difference* +0.1 

Initial Rectal Temperature 

99.4 99.4 09.5 99.5 
99.3 99.3 99*4 99-3 
+0.1 +0.1 +0.1 +0.2 

99-4 99-5 ^9-4 
.99*2 99-2 R9-3 
+0.2 +0.3 +0.1 

Negro - 99.5 
White 99.3 
Difference* +0.2 

Final Rectal Temperature 

99-5 99-7 
99-2 99-6 
+0.3 +0.1 

99-9 1^0.2 
99*6 10D.2 
40.3 0.0 

100.4 100.4 100.8 
100.4 100.3 

0.0 +0.1 +0.2 

*+ Indicates higher initial or final 
RECTAL TEMPERATURE FOR the NEGRO. 



TABLE XIX 
RISE IM RECTAL TEMPERATURE (°F) FOR 8 NEGROES 

ANO 8 WHITES UNDER VARIOUS CONDITIONS 

ShCR ShCAR SCR SCAR ShQV ShCAW SCW SC«W 

Nccro 0.1 

White 0.0 

DIFFERENCE* +0.1 

0.1 0.2 0.3 0.7 1.0 ” 1.0 

0.1 0.3 0.3 0.9 1.2 1.0 

0.0 -0.1 0.0 -0.2 -0.2 0.0 

1*3 

1-3 

0.0 

*+ Indicates greater rise for the negro* 
- Indicates greater rise for the white. 
NOTE: This table is based on a compilation of all rectal temperatures/ 

GROUP/ CONDI TI ON AND IS NOT AN EXTRACT OF TABLE XVI-il. 

TADLE XX 
EARLY MORNING RECTAL TEMPERATURES i'"' OF 8 NEGRO 

AND 8 'WHITE INDIVIDUALS .(BEFORE RISING: J^OO HOURS) 

J. 

PAIR 

__L_ 8 Me ah 

Negro 

White 

Difference* 

97.92 97.50 97*12 97*12 97*83 97*” 97*15 97*82 97-¾ 

97.03 97.7I» 97*0 97.*15 97*12 97-21» .97*3*1 97*66 97*1« 

+.89 -.24 -.50 -.33 +.76 -.13 -.19 +.16 +.05 

'+ Indicates higher rectal temperature for the negro. 
- Indicates higher rectal temperature for the white. 

TABLE XXI 
A COMPARISON OF MEAN BODY -COMPOS ITI ON MEASUREMENTS 

ON 8 EACH MATCHED NEGROES AND WHITES 

Measurement_Negro White Difference Significance 

Percent fat in the body 5*6 6.0 0.¾ None 

Fat-i weight (Kg.) 66.1 67.1 1.0 None 

Stature (cm.) 171*5 173*** 1*9 - 
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TABLE XXII 

SUBJECT PROFILE 

Pair 

1 
2 

? 

I 

l 

Me AN 

Negro White 

1GHT Weight Height 
(Kg) Tc^T IRc) " TeS)“ 

72.31 

R% 
66.2k 
57-39. 

mi 
88.13 

169-5 
172.6 
162.8 
171.5 
169.9 
1711.9 
178.2 
172.3 

168.9 
169.2 
172.8 
172.5 
173.5 
175.O 
179.5 
175.9 

70.27 171.5 yi.Jrç 
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